The synthesis of Cu 2 O of nanowires on glass substrate was investigated for usage as a H 2 sensor device. The amorphous copper oxide nanowires were synthesized on glass substrate via thin film anodization in 0,2M KOH + 0,1M NH 4 F solution. The nanowires were crystallized with annealing the samples at 280 ºC under vacuum conditions. The structural changes of nanowires were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS). The DC electrical measurements of Cu 2 O nanowires were carried out in the temperature range of 303-473 K under 200 sccm dry air flow. The H 2 sensing properties of as-synthesized sample after anodization and vacuum annealed sample were compared at 200 ºC under dry air flow. The Cu 2 O nanowires showed better sensor response than as-synthesized sample.
Introduction
As a p-type semiconductor, Cu 2 O have attracted great attention with its narrow and direct energy bandgap of 2.1 eV. It is also non-toxic, and Cu is earth abundance. These features have made Cu 2 O a desired candidate for biosensors, solar cells, and gas sensors applications [1] . Electrochemical synthesis methods of Cu 2 [3] . Here, we synthesized Cu 2 O nanowires on glass substrate without adhesion problem. The structural changes during synthesis process were investigated with SEM, XRD and XPS. The sensor device properties of Cu 2 O nanowires were determined by measuring DC current changes depending on H 2 gas concentrations.
Experimental

Synthesis of Cu 2 O nanowires
Cu thin films of ~450nm thickness were evaporated on pre-cleaned glass substrates in a Leybold Univex 450 vacuum system. The glass substrates were etched and cleaned with 1:5 H 2 SO 4 aqueous solution, acetone and deionized water in an ultrasonic bath for 5 minutes each in this sequence to increase adsorption between Cu and glass substrates. Cu film was anodized in 0,2M KOH + 0,1M NH 4 F aqueous solution in a thermo-stated bath using a dc power supply, a platinum foil as a cathode and Cu thin film on glass substrate as an anode. Constant voltages of 4, 6, 8 and 10 V were applied in a two electrolyte system at room temperature 23 ºC. After anodization, samples were rinsed in deionized water, dried with N 2 gas and annealed at 280 ºC in vacuum for 15 minutes. The vacuum was set up with 1L test chamber using mechanical pump (Leybold L408).
Crystal structures of samples were characterized by X-ray Diffraction (XRD, Philips 1820 X-Ray Diffractometer) and X-ray photoelectron spectroscopy (XPS, Thermo 10 Scientific K-Alpha x-ray photoelectron spectrometer with monochromatic Al Kα radiation (1486.3 eV) as x-ray source. Morphologies and sizes of samples were analyzed by scanning electron microscopy (SEM, Philips XL 30S).
Sensor measurements
The sensor device structure is shown at Fig. 1 . The measurements of the sensor devices were carried out in a home-made chamber, which allows gas flows, and has a controlled temperature with a Lakeshore 340 temperature controller in order to measure temperature dependent sensor parameters. The DC current measurements were done under 200 sccm high purity dry air flow in the temperature range between 303 -473 K. Then, the samples were heated up to 473 K under 200 sccm high purity dry air flow and waited for 30 minutes to get steady state. The gas concentrations were controlled by using multi gas controller (647C MKS Instruments) and gas flow meters. The dc current was monitored continuously under dry air flow to establish the baseline of the device and 1000 ppm of H 2 gas was exposed into the test chamber at 200 ºC and then the chamber was cleaned with dry air. 
Results and Discussions
Characterization results
We characterized the morphology of nanostructures anodized in 0,2M KOH + 0,1M NH 4 F solution at 23 ºC with SEM at anodization voltages of 6V ( fig. 2.a) and 10V (fig. 2.b) . The increasing of anodization voltage resulted in the formation of thinner and denser nanowires. The XRD pattern of as-synthesized sample showed only peaks at 2θ values of 43,6 and 50,8 degrees corresponding to (111) and (200) planes of Cu which revealed that the nanowires were amorphous. In order to get dehydration of hydroxides and crystal formation, the samples were thermally annealed in vacuum. However, only (111) plane of Cu 2 O was observed after annealing. Figure 3 reveals the intensity change in XRD results of assynthesized and annealed sample. 
I-V curves and H 2 sensing results
The I-V curves at different temperatures of Cu 2 O nanowires were plotted in figure 5 to illustrate an increase in conductivity with increasing temperature. The Ohmic contact behavior was observed from the curves which is convenient with literature [4, 5] . The sensor responses (x100) of amorphous nanowires and Cu 2 O nanowires were ~7.6 and ~33.5. The results showed that the sensor response and response time of annealed sample was much better than as-synthesized ones. Also, the full recovery was not possible for as-synthesized sample. 
Conclusions
Amorphous CuO nanowires and Cu 2 O nanowires were synthesized with anodization of Cu thin film and vacuum annealing. The structures of the samples were investigated with SEM, XRD and XPS measurements. The results of amorphous and Cu 2 O nanowires were compared. The electrical conduction at different temperatures and H 2 sensing properties were investigated. According to sensing results, annealed samples showed better response (33.3%) and recovery time (~10 min). UV visible absorption, the electrical conduction mechanism, sensing in different temperatures and ppm values will be investigated in future work.
